Introduction
Psychogenic non-epileptic seizures (PNES) are relatively common occurrences in epilepsy centers 1 . However, PNES is a unique condition in that it is largely defined in terms of what it is not rather than what it is. Successful exclusion of other differential diagnoses (e.g., epilepsy) does little to define the variables that might affect the management process of these patients.
Recently, some experts tried to provide various classification systems for PNES [2] [3] [4] [5] [6] . A semiologically focused classification of PNES may address proper diagnosis and provide standardization across future studies 2 . However, it is unclear whether such a classification system can contribute to our etiologic understanding and management of patients with PNES.
In the current study, we first classified patients with PNES according to a newly proposed classification system 2 to evaluate its practicality. Then, we investigated the demographic and clinical differences between various groups of patients with PNES based on this classification system. This may potentially shed light on the etiologic understanding and management process of various groups of patients affected with PNES.
Methods
In this retrospective study, we investigated all patients with PNES admitted to the epilepsy monitoring unit at the Jefferson Comprehensive Epilepsy Center from 2012 through 2016.
Patients with a confirmed diagnosis of PNES were included. The diagnosis was determined by the clinical assessment and long-term video-EEG monitoring with ictal recording. The epileptologists and neuropsychologists interviewed all of the patients. Patients with concomitant epilepsy, abnormal EEG (e.g., ictal or interictal epileptiform discharges), or incomplete data (e.g., historical or psychiatric data) were not included. with those with non-motor PNES. There was a trend for later age at onset among patients with generalized motor PNES compared to those who had non-motor PNES. In addition, patients with generalized motor PNES more frequently reported substance abuse compared to those who had non-motor PNES. Finally, patients with generalized motor PNES more often reported loss of responsiveness associated with their seizures compared to those who had non-motor PNES.
When we classified the two patients who had focal motor seizures and patients with generalized motor seizures as one class (as patients with motor PNES; 37 patients) and compared these with patients who had non-motor PNES (26 patients), similar results (as in Table 1 ) were observed.
Discussion
In this study, we observed that the recently proposed classification system of PNES 2 is a practical and clinically applicable system. This classification system proved to be valid and reliable in its original study 2 . According to this semiological classification system of PNES, we 6 observed that more than half of our patients had generalized motor seizures, while approximately two-fifths had non-motor seizures. Focal motor seizures were not common in our patient population. This is concordant with that previous study in which 44% of their patients had hypermotor seizures (equivalent to generalized motor seizures in our study), 24% had akinetic seizures, 24% had subjective symptoms, and 9% had focal motor seizures 2 . A previous study revealed similar results 5 . We preferred the term generalized motor to hypermotor because hypermotor often implies complex large movements involving the trunk and proximal segments of the limbs 7 , and this is not always the case in patients with PNES characterized by generalized motor seizures (e.g., in those with tonic or dystonic seizures).
When we compared patients with generalized motor seizures with those patients with non-motor PNES, we observed that the former group demonstrated a trend towards a later age at onset. In a previous study 5 , major motor activity was the main feature in adults with PNES, while minor motor activity was more prevalent among children, which is concordant with our observations.
According to the evidence provided by imaging studies for the neurobiological origin of PNES, an abnormal connectivity between brain areas involved in emotional evaluation and responses, cognitive integration systems, and motor regions is suggested to explain the ictal events seen in patients with PNES 8 . It is possible that brain connectivity is differently disturbed in patients with early-onset PNES compared with that in patients with later-onset disease. Therefore, they present with different seizure semiology. This hypothesis should be tested in future studies. In addition, different patients with PNES have different underlying defense mechanisms and can also have different coping strategies 9 . Therefore, it is quite possible that different patients show different reactions and behaviors (i.e., seizure semiology) in response to similar emotional problems.
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The relationship between sexual abuse and PNES has received particular attention in the literature. In one study of comparison of patients with PNES only (324 patients) with those who had epilepsy (281 patients), a history of abuse (physical or sexual) was more frequent among those with PNES [Odds ratio: 3.35 (1.23-9.10); P = 0.018] 10 . Similarly, data suggests that compared with patients with epilepsy, those with PNES have more psychiatric comorbidity (RR:
1.30, 95% CI: 1.14-1.48, p = 0.0001) 11 . We did not identify a relationship between a history of abuse (physical or sexual) or mental health problems with various PNES classes. However, we did observe that a history of substance abuse is more frequent among patients with generalized motor seizures compared with that in patients with non-motor PNES. Previous studies reported the prevalence of alcohol and substance abuse in patients with PNES to be between 9.8% and 29.5% 11 . We observed that 31% of the patients with generalized motor PNES reported substance abuse, whereas none of the patients with non-motor PNES had such a history. A previous review suggested that brain circuit connectivity may explain specific neurobiological substrates underlying psychological dysfunctions associated with reward, affective and cognitive processing often observed in drug addiction 12 . The temporal relationship between substance abuse and onset of PNES in our patients remains unknown and therefore, we cannot establish a causal relationship. However, we may hypothesize that brain connectivity is differently disturbed among patients with generalized motor seizures compared with that in patients with non-motor PNES; hypothetically, this may predispose the patients for substance abuse (or vice versa). Welldesigned fMRI studies may help identify the differences between functional brain connectivity in patients with various forms of PNES 13 ; this may provide insight into potential treatment paradigms.
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Finally, we observed that generalized motor PNES is more often associated with loss of responsiveness compared with that in patients with non-motor seizures. We did not study the consequences of various forms of PNES in this study; however, one can safely assume that patients who have generalized motor PNES and loss of responsiveness are more likely to seek emergency medical treatment (both because of its violent presentation and also the associated loss of responsiveness) and are therefore at increased risk for iatrogenic harm (e.g., IV
medications, intubation, and other procedures). This has important clinical implications both for the patients and also for health care professionals. It would be very interesting to study the relationship between prognosis and PNES semiology.
In conclusion, we observed that the recently proposed PNES classification system by Magaudda, et al. Our study has some limitations. This was a retrospective study and patient data and review of ictal EEGs came from a single institution. We reviewed at least one episode of PNES that was typical of the patient's habitual seizures in each patient. Many patients with PNES do not have one stereotypical seizure behavior. However, most patients have more or less similar seizures and witnesses can often identify a habitual seizure when asked to do so (when we review the recorded video of the PNES with them). Finally, we did not investigate other possible risk factors for PNES in this study (other than sexual abuse, physical abuse, history of head trauma, and family history of seizures). 
